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SUMMARY AND CONCLUSIONS 
1. Dairy cattle feeding experiments were conducted during the 
years 1938-40 to study the relative worth of grain in rations for 
dairy cows. Three planes of feeding, roughage alone, limited grain 
and full grain, were used. 
2. Cattle receiving a limited grain ration consumed significantly 
greater amounts of digestible nutrients than did those on roughage 
alone; and likewise those receiving the full grain feed consumed 
more digestible nutrients than the animals on limited grain. Al-
though the addition of grain to the ration enhanced the total nutrient 
consumption, the amount of digestible nutrients consumed from the 
roughage portion was decreased considerably. 
3. The cattle on roughage alone and those on limited grain 
consumed insufficient nutrients to meet their calculated require-
ments and as a result lost weight. This was not the case with the 
full-grain-fed cattle. 
4. Statistical analysis of the efficiency ratios fat-corrected 
milk / digestible nutrients consumed above maintenance showed the 
differences between the rations to be highly significant and in favor 
of the high roughage levels of fee.ding. However, the greater effi-
ciency of the high roughage rations decreased considerably as the 
stage of lactation advanced so that by the end of the third period 
there was very little difference between the rations from the stand-
point of this measurement. The average pounds of milk produced 
for each pound of digestible nutrients consumed above maintenance 
were 5.76 for the cattle on roughage alone, 4.09 for the limited 
grain group and 3.20 for the full grain group. These ratios were 
all calculated without regard to whether the cows lost or gained in 
weight. Since the cows lost weight while being fe.d the roughage 
alone (ration A) and limited-grain ration (ration B), and gained 
while on the high-grain ration (ration C), these calculated ratios 
and the apparently higher efficiencies of the rations which include.d 
relatively more roughage should not be taken exactly as the figures 
show; for if the nutrients used in making milk through body loss 
on the one hand and nutrients used in liveweight gain on the other 
could be accurately measured and used to modify the above cal-
culations these figures would actually be much nearer together. 
5. The results of this trial show that under Iowa price condi-
tions, common during the past 5-6 years, it will pay farmers to 
include at least a limited amount of grain in their dairy rations. 
However, if butterfat prices decrease to $0_25 per pound, or less, 
and/or grain prices approach $30 per ton wilh hay not over $10 
per ton, dairy farmers might find it wise to decrease. the amount of 
grain fed, or eliminate it entirely. 
6. The double change-over design used in this experiment was 
successful in allowing a thorough analysis and interpretation of the 
results. The carry-over effects were adequately distinguished from 
the true ration effects. 
Efficiency of Dairy Rations Contain .. 
ing Various Quantities of Grain 1 
By K. M. AUTREY, C. Y. CANNON and D. L. ESPE 
The dairy cow is particularly well adapted for consuming and 
utilizing large quantities of roughages, though she responds well 
to grain feeding. The relative quantities of roughage and grain 
that should be fed are usually determined by the physiologic effects 
and economic efficiencies of such rations when fed to dairy cattle. 
One would hardly expect high.producing cows to maintain a 
high yield when consuming roughage alone, because such a ration 
is so bulky that it prevents the intake of sufficient nutrients for 
maximum production. And yet, very good results have been ob· 
tained in certain areas by such a system of feeding. Then, too, the 
nutrients of roughage crops are usually produced at considerably 
less cost than those of grain crops (17) (3). Furthermore, rough. 
ages are more plentiful on most farms than grain crops, especially 
in recent years when there has been a marked increase in the pro· 
duction of hay and pasture crops at some sacrifice of grain produc. 
tion. Under these conditions the advisability of supplementing 
roughage rations with grain becomes a question of interest to dairy 
farmers. 
Experiments have been conducted at the Montana (2), Wyoming 
(16), Utah (4), Nevada (7), Louisiana (10), Tennessee (19) and 
Massachusetts (9) Experiment Stations in the study of dairy rations 
containing different amounts of grain. These investigations have 
included a range of conditions that represent the dairy cattle feed· 
ing situations in practically all sections of the United States ex-
cept the Midwest. To obtain information on this subject under 
Midwestern conditions, experiments were conducted at the Iowa 
station during 1938·40. 
REVIEW OF LITERATURE 
One of the first experimental investigations in which dairy cattle 
were fed on roughage alone was by WoIl in 1918 (18.) WolFs study 
showed that good production was obtained from well-bred dairy 
cows by feeding alfalfa hay alone, though this production could be 
appreciably increased by using a variety of feeds. Results from the 
Nevada station (7) indicate that continuous ad libitum feeding of 
alfalfa hay as the sole ration is not detrimental to the health of 
dairy cattle and does not affect their ability to breed. 
Graves and associates (3) report the results of an experiment 
designed to compare the relative merits of roughage alone and 
IProject 416 of the Iowa Agricultural Experiment Station. 
llO 
roughage plus grain fed at the rate of 1 pound for each 3 pounds 
of milk produced. In this trial the 15 cows on the alfalfa hay 
ration averaged ll,125 pounds of milk and 389.6 pounds of butter-
fat (mature basis) for 24 lactations. This was S,7 percent as much 
milk and 60 percent as much buttcrfat as they averaged under full· 
feed conditions. It is interesting to note that seven cows which were 
fed the alfalfa hay ration for two consecutive lactation periods 
averaged 10 percent less in butterfat production in the second 
lactation than in the first. The higher average production in the 
first lactation might well have been due, at least in part, to the 
higher condition of the cows resulting from grain feeding in pre-
ceding lactations. 
An extensive experiment to determine the effect of different 
planes of feeding on milk production was started in 1919 and was 
conducted at Huntley, Montana, under supervision of the U. S. 
Department of Agriculture (12). In this experiment the three ra-
tions compared were roughage alone, roughage and limited grain, 
and roughage plus a standard amount of grain. Results showed the 
limited grain feeding to be most profitable; roughage alone, sec-
ond; and full grain feeding least profitable. 
In 1925 experimental work was commenced at the Nevada sta· 
tion (6) to study the economics of fecding dairy cows on alfalfa 
hay alone as compared with the feeding of alfalfa hay plus grain. 
Headley summarized this work in 1935 (7) and also reported an 
investigation which was a continuation of the earlier experiment. 
Under price conditions prevailing in western Nevada from 1926 to 
1934, the cows on the all.hay ration produced more economically 
than did those receiving grain along with their roughage. Grain 
influenced production much more when fed to high.producing cows 
than when fed to low producers. The feeding of grain to low pro-
ducers did not often increase the income over feed cost above that 
from cows on the all-hay ration. 
U. S. Department of Agriculture workers (4.) in 1940 reported 
the results of an extensive investigation at the Utah station studying 
different planes of feeding on milk and fat production. In this 
experiment 12 registered Holstein cows were used, each cow being 
fed throughout one complete lactation period on each of the fol· 
lowing rations: Full grain ration (alfalfa hay, corn silage, pasture 
in season, plus a grain mixture of barley, 2 parts; oats, 1 part; and 
wheat bran, 1 part-fed at the rate of 1 pound of grain to each 
4.33 pounds of milk produced) ; ration I (alfalfa hay plus pasture 
in season); ration II (alfalfa hay, pasture. and ground barley); 
and ration III (alfalfa hay, pasture, and corn silage). A summary 
of the results shows that compared to their production on the full 
grain ration, the 12 cows produced 69.75 percent as much milk and 
65.77 percent as much butterfat on ration I; 86.03 percent as much 
milk and 80.24 percent as much butterfat on ration II; and 73.57 
III 
percent as much milk and 69.93 percent as much butterfat on ration 
III (mature basis). There were no appreciable differences in live-
weight gains or losses. Other investigations at the Wyoming (16), 
Louisiana (10), Tennessee (14) and Massachusetts (9) stations pro-
duced results very similar to those reported above. 
EXPERIMENTAL PROCEDURE 
FIRST TRIAL 
Fifteen Holstein cows were used in this experiment. (Data con-
cerning these cows are found in table 1.) The 15 cows were divided 
into three groups of five cows each, the groups being similar in age, 
size, stage of lactation and production. The experiment consisted 
of three experimental periods of 7 weeks each and was of the 
double switch-back type. Group I received a ration of roughage 
alone in the first period, while Group II received roughage plus a 
limited amount of grain (1 pound for each 8 pounds of milk pro· 
duced) _ The rations for these two groups were reversed at the end 
of period I, and then they were returned to their original respec-
tive rations for the third period. Group III served as a check and 
received a ration of roughage plus a full amount of grain (1 pound 
for each 4 pounds of milk produced) throughout the experiment. 
All animals, while receiving roughage alone, were fed a mineral 
supplement consisting of bone meal and salt. The cows were fed 
all the hay and silage they would clean up and had access to water 
TABLE 1. DATA ON HOLSTEIN-FRIESIAN COWS USED IN FIRST TRIAL. 
Co'" 
No. 
Group I 
1308 
133{ 
1263 
1443 
1535 
Group II 
1342 
1544 
1539 
1468 
1321 
Group III 
1333 
1302 
1168 
1410 
1349 
I 
Age at 
start of 
experiment 
Yr. Mo. 
3 10 
3 5 
4 4 
2 5 
5 10 
3 4 
3 7 
5 10 
2 2 
3 7 
3 5 
3 10 
5 11 
2 9 
3 4 
1 
No. of 1 Days fresh 1 MiI~ *1 Butterf:>tO previous at start of productl(~n produetJ?n 
lactations experiment 1st lactatIOn 1st lactatIon 
(Pounds) (Pounds) 
1 35 12,978 545.1 
1 120 10,781 326.7 
1 89 15,786 563.6 
0 83 
1 50 
I 
15.489 604.1 
1 43 14,274 484.4 
1 105 11.838 419.1 
1 97 17,669 618.4 
0 42 
1 49 17.239 568.11 
I 
1 74 15,216 486.9 
1 84 14,604 525.7 
3 75 14.983 519.11 
0 79 
1 28 18.162 537.6 
'Calculated to mature equivalent basis. 
112 
at all times. Grain and silage were fed three times each day, and 
hay was fed twice daily. 
The cattle were machine-milked three times daily. They remained 
in their stanchions at all times except while being milked, when 
they were released from their experimental stalls to go to the milk· 
ing room about 50 feet away, and while being weighed. 
Each animal was weighed weekly, on Saturday after the noon 
feeding. In addition to the weekly weighings, the cows were weighed 
on three consecutive days at the beginning and also at the end of 
each experimental period, in order to obtain an accurate average 
for each animal. . 
Complete daily records of milk produced and of all feed supplied 
to and refused by e.ach cow were kept. The health and condition 
of the cattle were observed from day to day, and all facts of any 
apparent significance. or value were recorded as noticed. 
The hay and grain were sampled daily at the time of weighing 
out the day's feed. Silage samples were weighed directly from the 
feed cart thrice. daily as the cattle were fed. These samples were 
first spread out to air dry, and then a period composite was made. 
They were taken as definite percentage portions of the daily feed, 
the object being to keep an accurate account of the dry matter 
consumed by the experimental animals. 
All feeds were chemically analyzed for dry matter, ether extract, 
crude protein, nitrogen-free extract, crude fiber and ash. 
The butterfat percentage of the milk of each cow was determined 
once each week from a single day's composite. This test was used 
to calculate the fat production and to correct the milk to an "equal-
energy" basis. 
SECOND TRIAL 
Althouf.h the double switch-back design of the first year's experi-
ment has been widely used and accepted in this kind of experimen-
tation, it has some undesirable features. One. of these is the diffi-
culty in using more than two rations in it. If a third ration is fed, 
it usually is fed to cows continuously rather than by the reverse 
method. A second difficulty with the double switch-back design is 
an inability to eliminate through statistical treatment the "carry-
over effects" of one ration on the following period when another 
ration is being fed. Hence, a new design was devised (1) which 
eliminated these undesirable features and was used in a second trial 
conducted in 1939-40 to study further the physiologic and economic 
efficiency of rations containing different amounts of grain when 
fed to dairy cows. 
The 18 Holstein cows used in this investigation were divided into 
six outcome groups of three cows each, the animals in each trio 
being selected for as much uniformity as possible in age, size, stage 
of lactation and production (see table 2). 
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TABLE 2. DATA ON HOLSTEIN-FRIESIAN COWS USED IN THE SECOND 
EXPERIMENT. 
Outcome I Cow 
I 
Age at 
I 
No. of I Days fresh I Milk PFOdUC-1 Butterfat I Llveweigbt Group start of previous at start of tion for one test at start of 
No. No. experiment lactations I experiment lactation" experiment 
Yrs. Mo. (Pounds) (Percent) (Pounds) 
1 I 1476 I 3 I 2 I 1 62 16.070 3.4 I 1229 1 1334 4 6 2 38 11.385 3.1 1463 1 1479 3 2 1 33 18.423 3.1 1181 
2 I 1321 I 4 I 8 I 2 23 18,641 3.3 I 1179 2 1555 3 3 1 19 16.755 3.5 1200 2 1308 4 1 2 8 14.736 4.5 1329 
3 I 1263 I 5 IIi I 2 117 17.007 3.6 I 1223 3 1539 6 2 128 19.644 3.5 1257 3 1302 4 11 2 130 15.116 3.6 1103 
4 ~ 1639 ~ 2 ~ 2 ~ 0 20 13.088 3.7 I 1052 4 1602 2 3 0 44 17,045 3.5 1025 4 1613 2 4 0 62 15,070 3.4 1095 
5 I 1604 I 2 I 3 I 0 67 16.079 3.3 I 1081 5 1599 2 3 0 68 13,601 3.2 1091 5 1607 2 2 0 64 15.789 3.2 945 
6 ! 1497 ! 3 ! 0 ! 0 135 17,684 3.1 I 1136 6 1581 2 5 0 135 14,697 3.6 1097 6 1589 2 4 0 120 17,854 2.8 1123 
'Calculated to mature equivalent basis. 
TABLE 3. THE FEEDING SCHEDULE' BY PERIODS (6 WEEKS EACH-WITH 1 
WEEK BETWEEN PERIODS FOR TRANSITION). 
Outcome 
group 
No. 
Cow No. 
1 1476 
3 1263 
5 1604 
1 1334 
3 1539 
5 1599 
1 1479 
3 1302 
5 1607 
2 1321 
4 1639 
6 1497 
2 1555 
4 1602 
6 1581 
2 1308 
4 1613 
6 1589 
'Ration A, no grain 
Ration B. limited grain 
Ration C, full grain 
Period I Period II 
Ration A Ration B 
Ration B Ration C 
Ration C Ration A 
Ration A Ration G 
Ration B Ration A 
Ration C Ration B 
Period m 
Ration 0 
Ration A 
Ration B 
Ration B 
Ration C 
Ration A 
114 
The experiment consisted of three 6-week experimental periods, 
with 1 week between periods for adjusting cows to rations, and was 
of a modified double change-over type. The layout was such that 
each cow in each outcome group received a different ration during 
each period; and, as can be seen in table 3, each ration was pre-
ceded by each of the other rations an equal number of times 
throughout the trial. 
Although this method of allotment is not entirely random, it pro-
vides that any carry-over effects on milk production of nutrient 
consumption which might occur in changing from one ration to 
another can be properly evaluated. This plan also permits tests 
of significance of the differences between the ration effects. 
The rations tested in this experiment were: (A) Alfalfa hay and 
corn silage; (B) alfalfa hay, corn silage and grain fed at the rate 
of 1 pound to each 7 pounds of milk produced; and (C) alfalfa 
hay, corn silage and grain fed at the rate of 1 pound to each 3.5 
pounds of milk produced. 
The constituents of the grain mixture in parts by weight were: 
Corn and cob meal, 4; rolled oats, 4; cracked soybeans, 1; bone 
meal, 0.25; and salt, 0.15. 
The management of the cattle and system of taking samples and 
keeping records were the same in this trial as in the first. 
RESULTS 
FIRST TRIAL 
Data on the feed consumption and milk production are shown in 
tables 4, 5 and 6. The results of this trial show that the dry matter 
consumption was considerably greater by the animals receiving 
grain than by those receiving only roughage feeds. The average 
daily consumption for the experiment as a whole was 27.3 pounds 
for the cows on roughage alone, 30.1 pounds on limited grain and 
32.8 pounds on full grain. The average pounds of dry matter con-
sumed daily per 100 pounds liveweight were 2_35 on roughage alone, 
2.58 on limited grain and 2.80 on full grain. 
Although the group of animals as a whole on roughage alone 
did not lose weight, it seemed less thrifty than the opposing groups, 
and there was a greater incidence of animals going off-feed when 
receiving no grain. 
Milk production was considerably greater by cows on limited 
grain than by those on roughage alone, and likewise greater on full 
grain than on limited grain feeding. The average daily production 
of fat-corrected milk for the experiment as a whole was 29.0 pounds 
for the cattle on roughage alone, 33.3 pounds on limited grain, and 
38.5 pounds on full grain. 
As ihown in tables 4, 5 and 6, the returns above feed cost using 
Iowa prices (table 7) favored full grain feeding over limited grain, 
and the latter over roughage alone. The differences were not sig-
nificant. . 
TABLE 4. DATA ON FEED CONSUMPTION AND MILK PRODUCTION FOR PERIOD I (49 DAYS). 
(First Trial) 
Feed consumed Total digestible nutrients Dry matter eonsumed Production 
Ave. Gain Value I Re-
Cow No. I I AI-I Milk I B'Cat I B'lat IIve- or loss Cost of b'rat turns Corn COD- I °Re- I Deficiency Total I Grain I Rough- of and abo •• Grain falfa silage sumed qulred or excess weight IDwt. feed sklm- feed hay age test I % milk costs Ibs. Ibs. Ibs. Ibs. lb.. Ibs. % Ibs. Ibs. Ibs. Ibs. Ibs. Ibs. Ibs. 
GROUP I 
1652 ! o ! 1652 !1888 ! 3.7 I 1308 0 792 2356 1068 1060 8 .7 70 1250 45 $ 7.8T 25.551$17.67 1334 0 710 2157 970 928 42 4.5 1498 \ o 11498 \1518 I 3.4 51 1276 23 7.16 19.06 11.90 1263 0 773 2275 1036 1043 
-
7 
-
.6 1605 o 1605 1962 3.4 67 1227 26 7.65 24.75 17.10 
1443 0 558 1666 754 801 
- 47 - 5.8 1166 o 1166 1430 3.4 48 949 - 39 5.56 18.00 12.44 
Total I 0 r833 18458 13828 13832 1- 4 1- 1.2 5921 !I o I 5921 !lf798 11 236 4702 55 28.251 87.3iI 59•U Average 0 708 2114 957 958 - 1 - .3 1480 1480 1699 3.5 59 1176 14 7.06 21.84 14.78 Av. dally 0 14.5 43.1 19.5 19.6 - .02 - .01 30.2 o 30.2 34.7 1.2 .28 .14 .45 .SO 
~ 
~ 
GROUP II U1 
1342 341 679 2078 1199 1106 92 8.4 1758 . 319 1439 2391 2.9 68 11S5 27 9.46 26.26 16.80 
1544 245 692 2065 1127 952 175 18.3 1675 229 1446 1879 3.2 59 1296 - 1 8.76 22.37 13.61 
1539 316 771 2317 1294 1253 41 3.3 1913 296 1617 2569 3.4 88 1286 57 10.12 32.54 22.42 
1468 294 551 1717 995 1050 - 55 - 5.2 1354 275 1179 2204 3.2 71 980 - 6 7.87 26.62 18.75 
Total 11196 12693 18177 14615 14361 1 253 I 24.8 6700 11119 5681 9043 286 4697 77 136.211107.79171.58 Average 299 673 2044 1154 1090 63 6.2 1675 280 1420 2261 3.2 72 1174 19 9.05 26.95 17.90 
Av. dally 6.1 13.7 41.7 23.5 22.2 1.3 .13 34.2 5.7 28.5 46.1 1.5 .39 .18 .55 .37 
GROUP m 
1333 j 590 j 529 j 1592 
1
1181 
1
1013 
1
168 
16.6 I 9.781 21.83112.05 1302 686 580 1743 1325 1140 185 16.2 11.01 30.97 19.96 1168 733 536 1610 1302 1275 27 2.1 10.93 35.20 24.27 
1410 492 550 1684 1141 946 195 20.6 9.30 21.58 12.28 
Total 
1
2501 r195 16629 14949 14374 \ 676 \ 55.5 6958 41.021109.58168.66 Average 625 549 1 57 1237 109  144 11.3 10.26 27.40 17.14 Av. daily 12.8 11.2 33.8 25.2 22.3 2.9 .23 .21 .56 .35 
.Calculated from Morrison's Feeding Standard (11). 
Cow No. 
GROUP I 
1308 
1334 
1263 
1443 
Total 
Average 
Av. daily 
GROUP II 
1342 
1544 
1539 
1468 
Total 
Average 
Av. daily 
GROUP III 
1333 
1302 
1168 
1410 
Total 
Average 
Av. daily 
TABLE 5. DATA ON FEED CONSUMPTION AND MILK PRODUCTION FOR PERIOD II (49 DAYS). 
(First Trial) 
Feed consumed Total digestible nutrients Dry matter consumed Production 
Ave. Gain 
I AI- I live- Oi"' loss Cost Grain falfa Com Con- I °Re- I Deficiency Total I Grain I Hough- ~!ilk I B'rat I n'fat weight in wI. of hay silage sumed qui red or excess age • test reed 
lb.. lb •. Ibs. Ibs. Ibs. lb.. % 1M. Ibs. Ib~. Ibs. % Ibs. lbs. Ibs. 
273 669 2006 1067 1014 53 5.0 1579 258 1321 1839 3.7 68 1178 -109 $ 8.76 
224 724 2235 1113 894 219 19.7 1663 212 1451 1502 3.0 44 1309 51 9.07 
273 635 1798 998 1043 - 45 - 4.5 1475 257 1218 1917 3.4 65 1177 - 66 8.21 
185 448 1419 734 751 - 17 - 2.3 1085 174 911 1343 3.3 44 911 19 6.04 
955 2476 I 7458 3912 3702 210 17.9 5802 901 4901 6601 1221 4575 -105 32.08 
239 619 1865 978 926 53 4.5 1450 225 1225 1650 3.4 55 1144 - 26 8.02 
4.9 12.6 38.1 20.0 18.9 1.1 .09 29.6 4.6 25.0 33.7 1.1 - .54 .16 
0 738 2277 953 939 14 1.5 1479 0 1479 1786 3.2 56 1147 25 7.51 
0 751 2200 942 944 - 2 - .2 1465 0 1465 1514 3.3 50 1290 15 7.40 
0 783 2326 990 1044 - 54 - 5.5 1539 0 1539 1742 4.1 72 1257 - 16 7.78 
0 610 1908 794 912 -118 - l4.9 1231 0 1231 1784 3.2 57 950 - 34 6.26 
0 2882 8711 3679 3839 -160 - 19.1 5714 0 5714 6826 235 4644 - 10 28.95 
0 721 2178 920 960 - 40 - 4.8 1429 0 1429 1706 3.5 59 1161 - 3 7.24 
0 14.7 44.4- 18.8 19.6 - .8 - .10 29.2 0 29.2 34.8 1.2 - .05 .15 
469 520 1564 1034 1013 21 2.0 1471 443 1028 1803 3.1 56 1260 - 9 8.77 
605 581 1751 1221 1083 138 11.3 1721 571 1150 2336 3.3 77 1110 12 10.42 
735 586 1741 1324 1267 57 4.3 1845 693 1152 3034 3.0 92 1222 14 11.41 
479 601 1772 1137 I 939 193 17.4 1628 452 1176 1904 2.8 53 1138 68 9.09 
Value Rc-
of b'rat turns 
and ahovc 
skim- feed 
milk costs 
$ 24.70 $15.94 
16.93 7.86 
24.18 15.97 
16.51 10.47 
82.32 50.24 
20.58 12.56 
.42 .26 
21.20 13.69 
18.69 11.29 
25.76 17.98 
21.49 15.23 
87.14 58.10 
21.79 14.53 
.45 .30 
21.03 12.26 
28.70 18.28 
34.85\ 23.44 
20.62 11.03 
r288 r288 1 6828 1 4716 1 4302 1414 I 35.0 6665 r159 1 4506 r077 1 1278 1 4730 1 85 140.191105.2°1 65.01 572 572 1707 1179 1076 104 8 8 1 6 540 1127 2269 3.1 69 1183 21 10.05 26.30 16.25 11.7 11.7 34.8 24.1 21.9 2.1 .18 34.0 11.0 23.0 46.3 1.4 .43 .21 .541 .33 
.Calculated from Morrison's Feeding Standard (11). 
,.... 
,.... 
0"1 
Cow No. 
GROUP I 
1308 
1334 
1263 
1443 
Total 
Average 
Av, daily 
GROUP II 
1342 
1544 
1539 
1468 
Total 
Average 
Av. daily 
GROUP III 
1333 
1302 
1168 
1410 
Total 
Average 
Av. daily 
TABLE 6. DATA ON FEED CONSUMPTION AND MILK PRODUCTION FOR PERIOD III (49 DAYS). 
(First Trial) 
Feed consumed Total digestible nutrients Dry matter consumed Production 
Me. Gain 
Grain I f~~ I Ii .. e- or loss Cost Com Can- I *Re- I Deficiency Total I Grain I Rough- Milk I n'rat I n'rat weight Inwt. or silage sumed quired or excess age test llb~. reed Ibs. lbs. Ibs. Jbs. I Jbs. Jbs. % Jbs. Jbs. Jbs. Jb~. % Jbs. Jbs. 
a 661 1942 796 880 - 84 - 10.6 1258 0 1258 1464 3.5 52 1172 87 $ 6.53 
0 659 1935 793 842 - 49 - 6.2 1254 a 1254 1114 3.1 35 1349 11 6.51 
a 613 1454 660 806 -146 - 22.1 1054 a 1054 1198 3.5 42 1173 38 5.36 
0 402 1356 523 648 -125 - 23.9 822 0 822 979 3.7 36 911 - 16 4.32 
0 2335 6687 2772 3176 -404 - 62.8 4388 0 4388 4755 165 4605 120 22.72 
0 584 1672 693 794 -101 - 15.7 1097 0 1097 1189 3.5 41 1151 30 5.68 
0 11.9 34.1 14.1 16.2 - 2.1 - .32 22.4 0 22.4 24.3 .8 .61 .12 
232 421 2005 863 912 49 
-
5.7 1267 216 1051 1621 3.2 52 1144 21 7.46 
196 653 1621 874 872 2 .2 1329 183 1146 1349 3.3 44 1333 89 7.34 
232 685 2054 1018 980 38 3.7 1534 217 1317 1640 3.8 62 1358 95 8.61 
201 383 1545 715 812 - 97 - 13.6 1053 188 865 1544 3.3 51 934 - 9 6.15 
861 2142 7225 3470 3576 -106 - 15.4 5183 804 4379 6154 209 4769 196 29.56 
215 536 1806 868 894 - 26 - 3.9 1296 201 1095 1539 3.4 52 1192 49 7.39 
4.4 10.9 36.9 17.7 18.2 - .5 - .08 26.4 4.1 22.3 31.4 1.1 1 .16 
441 456 1353 901 946 - 45 - 5.0 1284 412 872 1528 3.2 48 1259 46 7.88 
563 477 1429 1026 1030 
-
4 
-
.4 1443 526 917 1952 3.2 63 1113 81 9.04 
717 444 1340 1110 1199 - 89 - 8.0 1526 669 857 2544 3.2 81 1209 6 9.90 
465 515 1501 985 912 73 7.4 1411 434 977 1738 2.9 50 1165 40 8.60 
r1S6 rS92 15623 14022 14087 r 65 1- 6.0 5664 r041 13623 r762 1 1242 147461123 1 35•421 547 473 1406 1 06 1 22 - 16 - 1.5 1416 510 906 1941 S.l 61 1187 31 8.85 11.2 9.7 28.7 20.5 20.9 - .3 - .03 28.9 10.4 18.5 39.6 1.2 .63 .18 
.Calculated from Morrison's Feeding Standard (11). 
Value Re-
01 b'rat turns 
and above 
skim- reed 
milk costs 
$ 19.03 $12.50 
13.06 6.55 
15.51 10.15 
13.20 8.88 
60.80 38.08 
15.20 9.52 
.31 .19 
19.43 11.97 
16.57 9.23 
22.45 13.84 
19.02 12.87 
77.47 47.91 
19.37 11.98 
.40 .24 
18.18 10.30 
23.64 14.60 
30.58 20.68 
19.34 10.74 
91.74156.32 22.94 14.08 
.47 .29 
~ 
~ 
-J 
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SECOND TRIAL 
For certain of the analyses given below, namely, calculation of 
the measures of physiologic and economic efficiency and in the 
multiple regression analysis, the data of the first experiment were 
combined with those of the latter one. 
A summary of the results of the second trial by periods is given 
in tables 8, 9 and 10. During the first experimental period, cow 
No. 1263 became ill with a kidney cancer and had to be removed 
from the experiment. In order to make the tables complete the feed 
consumption and milk production values for this animal were in-
serted by using group averages. These values furnish a rough ap-
proximation of the expected performance of the missing cow, but 
because they are not actual, the data on group three were omitted 
in the analysis of variance of the dry matter consumption and nut-
rient consumption in order to arrive at a more accurate estimate of 
the ration effects. 
TABLE 1. IOWA FEED PRICES AVERAGE FOR YEARS 1938-39. 
Feeds Prices per ton 
Corn and cob meal $16.50 
Dried beet pulp 15.15 
Oats 14.40 
Wheat bran 13.80 
Soybean oUmeal 23.00 
Alfalfa hay 8.00 
Com ,ilage 4.00 
Bone meal 40.00 
Salt 16.50 
DRY MATTER CONSUMPTION 
From tables 8, 9 and 10 it can be seen that in every experimental 
period the total dry matter consumption increased as the amount of 
grain in the ration was increased. A statistical analysis (table 11) 
reveals that these differences in dry matter consumption between 
the rations are highly significant. The standard error per cow for 
a 6-week period is 54.16 pounds, or 4.63 percent of the mean, 
1168.9 pounds. The average daily consumption of dry matter was 
24.39 pounds for the animals on roughage alone, 28.16 pounds on 
limited grain and 31.78 pounds on the full grain ration. The 
pounds of dry matter consumed daily per 100 pounds liveweight 
were 2.12 for ration A, 2.44 for ration Band 2.74 for ration C. 
Although the addition of grain to the ration caused a decrease 
in the consumption of dry matter from the roughage portion, there 
TABLE 8. DATA ON FEED CONSUMPTION AND MILK PRODUCTION FOR PERIOD I (42 DAYS). 
(Second Trial) 
Crude 
Feed consumed Total digestible nutrients Dry matter consumed fiber Crude cou-
sumed protein Outcome Cow in ration 
group 1\0. per (dry mat-I AI- I Com con-I'Re-1 Deficiency 'Inough'l 100 lb. ter basis) Grain rl~;~& silage I sUllled qwired or excess Gram a e Total [ive-weight 
Ibs. Ibs. Ibs. Ibs. Ibs. lbs. % Ibs. Ibs.. Ib!. lbs. % 
Roughage alone 
1 1476 0 532 2268 609 851 - 242 -28.4 0 999 999 0.567 14.2 
2 1321 0 366 2364 527 965 - 438 -45.4 0 863 863 0.538 14.0 
3 ••• 1263 0 461 2057 535 713 - 178 -25.0 0 886 886 0.550 14.2 
4 1639 0 385 1899 472 781 - 309 -39.6 0 780 780 0.534 14.1 
5 1604 0 604 1872 586 796 - 210 -26.4 0 982 982 0.634 14.3 
6 1497 0 420 1884 489 744 - 255 -34.3 0 809 809 0.513 14.2 
Total I o 12768 112344 13218 4850 1-1632 0 /5319 5319 Period average o 461 2057 536 808 - 272 -33.7 0 887 887 0.556 14.2 
Daily average o I 11.0 49.0 12.8 19.2 - 6.5 0 21.1 21.1 
Limited grain 
1 1334 365 668 1935 885 1137 - 252 -22.2 322 1055 1377 0.557 14.9 
2 1555 272 423 1992 697 956 - 259 -27.1 240 836 1076 0.514 14.7 
3 1539 276 645 2109 835 1033 - 198 -19.2 243 1072 1315 0.636 14.7 
4 1602 280 565 1677 734 879 - 145 -16.5 247 902 1149 0.646 14.8 
5 1599 238 502 1419 635 797 - 162 -20.3 210 785 995 0.553 14.8 
6 1581 242 339 1725 594 779 - 185 -23.7 213 698 911 0.462 14.7 
Total 1673 3142 10857 4380 5581 -1201 1475 5348 '6823 
Period average 279 524 1810 730 980 - 200 -20.4 246 891 1137 0.561 14.8 
Daily average 6.6 12.5 43.1 17.4 22.1- 4.8 5.9 21.2 27.1 
Full grain 
1 1479 616 468 1836 940 1115 - 175 -15.7 543 845 1388 0.554 15.1 
2 1308 587 582 1890 989 1070 - 81 - 7.6 517 965 1482 0.576 15.1 
3 1302 564 547 1764 936 963 - 27 - 2.8 497 904 1401 0.636 15.1 
4 1613 546 493 1785 897 905 - 8 - 0.9 481 858 1339 0.619 15.1 
5 1607 546 441 1323 804 845 - 41 - 4.9 481 706 1187 0.614 15.2 
6 1589 554 386 1372 788 863 - 75 - 8.7 488 665 1153 0.482 15.2 
Total r 413 r 917 \9970 r 354 r 761 r 407 \ r007 r
943 17950 0.580! Period average 569 486 1662 892 960 - 68 - 7.1 501 824 1325 15.1 Daily average 13.6 11.6 39.~_ 21_.2 22.9 - 1.6 11.9 19.6 31.6 
'Calculated from Morrison's Feeding Standard (11) 
tFat-eorrected milk (4% fat) 
".Figures for tha cow estimated, since she was removed from experiment during tbls period. 
Production Ave-
rage Gain 
Ihe- or loss in wt. 
I Butter I t 
weight 
Milk I Test fat ".C.M. 
Ibs. % Ibs. lbs. lbs. Ibs. 
1563.6 3.2 50.0 1376.5 1239 15 
2192.6 3.0 65.8 1863.3 1090 -131 
1143.4 3.4 38.9 1040.5 1128 -195 
1496.3 3.5 52.4 1383.6 1013 4 
1524.8 3.2 48.8 1341.7 1114 63 
1364.2 3.1 42.3 1180.1 1103 - 23 
9284.9 298.2 8185.7 6687 -267 
1547.5 3.23 49.7 1364.3 1115 - 44.5 
36.8 1.18 32.5 - 1.06 
2413.6 3.1 74.8 2087.7 1447 - 14 
1801.6 3.8 68.5 1747.6 1195 - 68 
1997.5 3.8 75.9 1937.5 1258 - 17 -
1773.3 3.5 62.1 1640.1 1059 - 49 
1527.0 3.2 48.9 1343.9 1079 - 30 
1306.7 3.9 51.(} 1287.0 1108 9 
10819.7 381.2 10043.8 7146 -11 
1803.3 3.55 63.5 1674.0 1191 - 1.83 
42.9 1.51 39.9 - 0.04 
2542.9 3.2 81.4 2237.9 1209 - 18 
2174.7 3.5 76.1 2011.5 1320 - 3 
2038.2 3.4 69.3 1854.9 1124 - 5 
1873.8 3.3 61.8 1677.0 1089 3 
1913.8 8.0 57.4 1626.7 935 26 
1924.1 2.7 52.0 1546.6 1119 6 
r467 •5/ ! 398.0 110954.6167961 9 207 .9 3.18 66.3 1825.8 1133 1.50 49.5 1.58 43.5 0.04 
~ 
~ 
\0 
TABLE 9. DATA ON FEED CONSUMPTION AND MILK PRODUCTION FOR PERIOD II (42 DAYS). 
(Second Trial) 
Feed consumed Total digestible nutrients 
I Crude 
Dry matter consumed ~~~~ 
Outcome Cow sumed 
group No. per 
I AI-I Com 
100lb 
con-lone-I DeJlelency Grain I n~~~h- Total lIve-Grain r~~a silage sumed quired or excess weight 
lbs. lbs. lbs. lbs. Ibs. Ibs. % Ibs. lbs. lb •. lbs. 
Roughage alone 
1 1479 0 701 2265 766 949 
- 183 -19.3 0 1256 1256 0.644 
2 1555 0 487 2112 635 829 - 194 -23.4 0 1028 1028 0.519 
3 1302 0 613 1767 629 782 - 153 -19.6 0 1036 1036 0.578 
4 1602 0 658 1734 644 792 - 148 -18.7 0 1066 1066 0.640 
5 1607 0 540 1494 542 703 - 161 -22.9 0 895 895 0.583 
6 1581 0 417 1767 535 686 - 151 -22.0 0 867 867 0.484 
Total 0 3416 11147 3751 4741 - 990 0 6148 6148 
Period average 0 569 1858 625 790 - 165 -20.9 0 1025 1025 0.575 
Daily average 0 13.6 44.2 14.9 18.8 - 3.9 0 24.4 24.4 
Limited grain 
1 1476 210 528 1620 715 794 
-
79 - 9.9 191 921 1112 0.494 
2 1308 294 613 2043 899 959 - 60 - 6.3 267 1116 1383 0.553 
3 ••• 1263 252 548 1639 760 842 - 82 - 9.7 229 941 1170 0.528 
4 1613 273 513 1677 765 847 - 82 - 9.7 248 924 1172 0.564 
5 1604 210 605 1464 723 795 
-
72 - 9.1 191 971 1162 0.546 
6 1589 273 479 1380 694 796 - 102 -12.8 248 812 1060 0.483 
Total 1512 13286 I 9832 4556 5033 - 477 1374 5685 7059 
0.528/ Period average 252 548 1639 759 839 
-
80 - 9.5 229 948 1177 
Daily average 6.0 13.1 39.0 18.1 20.0 - 1.9 5.5 22.6 28.0 
Full grain 
1 1334 630 616 1722 1087 1064 23 2.2 572 1026 1598 0.502 
2 1321 585 391 1392 884 916 - 32 - 3.5 531 737 • 1268 0.512 
3 1539 501 586 1620 958 989 
-
31 - 3.1 455 971 1426 0.536 
4 1639 420 494 1437 820 845 
-
25 - 3.0 381 839 1220 0.559 
5 1599 420 536 1224 799 787 12 1.5 381 814 1195 0.512 
6 1497 378 400 1368 730 765 - 35 - 4.6 343 738 1081 0.458 
Total r934 r023 18763 r278 r366 (- 88 1 r663 15125 17788 0.~131 Period average 489 504 1461 880 894 15 - 1.7 444 854 129Daily average 11.6 12.0 34.8 21.0 21.3 - 0.4 10.6 20.3 30.9 
I 
'Calculated from Morrison's Feeding Standard (11) 
tFat-corrected milk (4% fat) 
••• Figures for this cow estimated, since she was removed from experiment In Period I. 
Crude Produetion Ave-protein rage Gain In ration orloss 
(dry mat- live- in wt. weigbt ter basis) 
. I I Butter I t Milk Test fa  F.C.lIl. 
% Ibs. % Ibs. lb •• lb •• lb •• 
13.8 2027.8 3.0 60.8 1723.5 1210 76 
13.2 1374.0 3.9 53.6 1353.2 1208 42 
14.0 1393.7 3.7 51.6 1298.4 1119 7 
14.2 1344.8 3.7 49.8 1284.5 1045 - 13 
14.1 1370.7 3.1 42.5 1185.8 961 - 8 
13.2 985.1 4.1 40.4 999.8 1095 - 4 
8496.1 298.7 7845.2 6638 100 
13.8 1416.0 3.58 49.8 1307.5 1106 16.7 
33.7 1.19 31.1 0.40 
14.3 1414.9 3.2 45.3 1245.5 1222 - 18 
14.2 1814.1 3.3 59.9 1626.5 1326 12 
14.4 1585.7 3.2 50.7 1395.4 1182 3 
14.3 1618.1 3.5 56.6 1496.6 1086 - 7 
14.3 1470.7 3.2 47.1 1294.2 1144 0 
14.5 1610.9 2.7 43.5 1296.9 1131 28 
9514.4 303.1 8355.1 7091 \ 18 14.3 1585.7 3.18 50.5 1392.5 1182 3.0 
37.8 1.20 33.2 0.07 
14.9 2193.2 3.0 65.8 1864.4 1461 - 13 
14.7 2064.8 3.0 61.9 1755.0 1054 17 
14.8 1918.5 3.6 69.1 1803.6 1270 33 
14.7 1658.9 3.5 58.1 1534.7 1045 - 14 
15.1 1544.1 3.0 46.3 1312.4 1124 18 
14.5 1464.4 3.0 43.9 1245.0 1116 -
" r0843.91 \345.1 19515.117070 1 37 14.8 1807.3\ 3.18 57.5 1585.9 1178 6.2 43.0 1.37 37.8 0.15 
'""' ~ 
TABLE 10. DATA ON FEED CONSUMPTION AND MILK PRODUCTION FOR PERIOD III (42 DAYS). 
(Second Trial) 
---------
Crude 
Feed consumed Total digestible nutrients Dry matter consumed fiber con-
Outcome Cow sumed 
group No. per 
I AI-I Com con-I*ne-I Dellclency G '1 nough-I T tal 100 lb. Grain r::!~a silage sumed qui red or excess ram age 0 IIve-weight 
lbs. Ibs. lbs. Ibs. lbs. Ibs. % 1M. Ibs. lbs. lbs. 
Roughage alone 
1 1334 0 658 1917 711 897 
- 186 -20.7 0 1252 1252 0.664! 2 1308 0 596 1803 657 746 - 89 -11.9 0 1156 1156 0.668 
3 1539 0 604 1911 682 719 - 37 - 5.1 0 1200 1200 0.6991 
4 1613 0 625 1980 706 705 1 0.1 0 1242 1242 0.836! 5 1599 0 568 1557 595 669 
- 74 -11.1 0 1048 1048 0.697 
6 1589 0 564 1638 609 663 - 54 - 8.1 0 1071 1071 0.698 
Total 0 3615 10806 3960 4399 - 439 0 6969 6969 
Period average 0 603 1801 660 733 
- 73 -10.0 0 1162 1162 0.710 Daily average 0 14.4 42.9 15.7 17.5 - 1.7 0 27.7 27.7 
Limited grain 
1 1479 294 549 1665 832 788 54 6.9 275 1066 1341 0.725 
2 1321 315 465 1563 784 821 
-
37 - 4.5 295 954 1249 0.707 
3 1302 210 644 1620 808 761 47 6.2 196 1140 1336 0.818 
4 1639 252 546 1557 778 765 13 1.7 236 1028 1264 0.776 
5 1607 189 474 1503 681 664 17 2.6 177 942 1119 0.765 
6 1497 210 443 1467 674 726 
-
52 - 7.2 196 901 1097 0.619 
Total 1470 3121 9375 4557 4525 42 1375 6031 7406 
Period average 245 520 1563 760 754 7 0.9 229 1003 1234 0.735 
Daily average 5.8 12.4 3'1.2 18.1 18.0 0.2 5.5 23.9 29.4 
Fun grain 
1 1476 336 514 1653 843 778 66 8.4 314 1030 1344 0.647 
2 1555 378 510 1794 900 839 61 7.3 354 1073 1427 0.693 
3 ••• 1263 357 646 1616 869 783 86 11.0 334 1047 1381 0.719 
4 1602 357 705 1617 952 791 161 20.4 334 1197 1531 0.820 
5 1604 420 576 1401 893 817 76 9.3 393 1004 1397 0.711 
6 1581 294 427 1614 769 725 34 4.7 275 935 1210 0.649 
Total r142 r278 19695 15216 1"733 I 397 1 r004 r28G 18290 0.707 1 Period average 357 646 1616 869 789 79 10.0 33 1044 1382 Daily average 8.5 13.0 38.5 20.7 18.8 1.9 8.0 24.9 32.9 
'Calculated from Morrison's Feeding Standard (11) 
tFat-corrected milk (40/0 fo.t) 
"'FiirUreS for this cow estimated, since she was removed from experiment in Period I. 
Crude 
protein 
in ration (dry mat-
ter basis) 
% 
10.7 
10.6 
10.5 
10.5 
10.9 
10.7 
10.7 
11.6 
11.5 
11.7 
11.6 
11.3 
11.3 
11.5 
11.6 
11.5 
11.8 
12.1 
12.3 
11.3 
11.8 
- --
Production Ave-
rage Gain 
or loss !lve- inwt. 
I Buttell t 
weight 
Milk I Test rat F.C.M. 
lbs. % Ibs. lbs. lbs. lb!. 
I ( 1609.1( 3.1 49.9 ! 1391.8( 1409 - 70 1110.1 3.4 37.7 1010.0 1289 - 91 1 1014.51 3.7 37.5 1 968.91 1272 21 
! 1108.5! 3.7 I 41.0 ! 1058.8! 1100 - 12 1026.6 3.2 32.9 903.4 1132 - 1 1101.8 2.7 29.7 887.0 1149 - 7 
6970.6 228.7 6219.9 7351 -160 
1165.1 3.30 38.1 1036.7 1225 - 26.7 
27.7 0.91 24.7 - 0.64 
1445.3 3.2 46.2 1272.2 1166 - 74 
1719.8 3.0 51.6 1462.1 1070 - 23 
1401.3 3.2 44.8 1233.4 1104 2 
1308.4 3.9 51.0 1288.8 1049 12 
1191.6 3.3 39.3 1066.4 956 0 
1229.1 3.2 39.3 1081.7 1132 4 
8295.5 272.2 7404.6 6477 - 79 
1382.6 3.~0 45.4 1234.1 1080 - 13.2 
32.9 1.09 29.4 
-
0.31 
1308.7 3.2 41.9 1151.5 1267 40 
1339.0 4.0 53.6 1339.0 1228 17 
1338.1 3.6 48.2 1257.8 1173 32 
\ 1435.2 3.7 
\ 
53.1 1370.5 1066 18 
1496.2 3.2 47.9 1316.7 1179 27 
1111.2 3.8 42.2 1078.0 1125 57 
18028.41 I 286.917513.5170381191 1338.1 3.58\ 47.8 1252.3 1173 31.8 
31.9 1.14 29.8 0.76 
~ 
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Fig. 1. Dry matter consumption of dairy cows on three plnnes of grain feeding. 
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was a significant increase in the total consumption, as can be seen 
in table 12. 
The curves in fig. 1 show the dry matter consumption for each 
period. It is interesting that the consumption of the cows starting 
on ration A markedly increased as the experiment advanced, those 
starting on ration B had a slight tendency towards increased con· 
sumption, and those starting on ration C slightly declined in con· 
sumption. In general whenever the change was from ration A (no 
grain) to ration B (limited grain) to ration C (high grain), nutrient 
consumption increased while the reverse was true when the order of 
feeding the rations was reversed. 
The summation of dry matter intake of all cows in each period 
indicates that the over-all consumption increased as the experiment 
advanced. Normally one would expect the consumption of nutrients 
to decline since there is a definite decline in milk production toward 
the end of the lactation period. 
TOTAL DIGESTIBLE NUTRIENT CONSUMPTION 
The optimum requirements for nutrients to sustain milk produc-
tion and body maintenance as outlined in Morrison's Feeding 
Standards (11) were employed in calculating the nutrient require-
ments of the experimental COWi. Had the lower requirements in-
stead of the optimum suggested by Morrison been used, the cal-
culated required nutrients for milk production and maintenance 
would have been reduced by about 6-8 percent. 
In every period, as shown in tables 8, 9 and 10, the cattle on 
roughage alone failed to consume sufficient nutrients to meet their 
calculated optimum requirements for maintenance and milk pro-
duction. Even if the lower requirements suggested by Morrison had 
TABLE 11. ANALYSIS OF VARIANCE OF DRY MATTER CONSUMPTION. 
UNITS: TOTAL CONSUMPTION PER COW PER PERIOD, IN POUNDS. 
Source of Degrees of Sum of 
variation freedom squares 
Between groups 4. 378,778 
Between cows within gr!'ups 10 273,936 
Between periods within groups 10 218,722 
Between rations 2 677,249 
Ration x group inter-action 8) 22,531} 
)18 )52,786 
Error 10) 30,255) 
Total 44 1,601,471 
tHighly significant 
Mean consumption == 1168.9: standard deviation == 54.16 
Coefficient of variation == 54.16 / 1168.9 = 4.63% 
Mean 
squares 
94,695t 
27,394t 
21,872t 
338,625t 
2,816) 
)2,933 
3,026) 
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TABLE 12. EFFECT OF GRAIN IN THE RATION IN REDUCING THE AMOUNT 
OF DRY MATTER CONSUMED FROM ROUGHAGE. 
Dry matter consumed 
Ration 
Total 
Ibs. 
A 24.39 
1939-40 B 28.16 
C 31.78 
A 27.25 
1938-39 B 30.25 
C 32.80 
·Significant 
tHighly significant 
(daily average) 
I Roughage I Grain 
Ibs. Ibs. 
24.39 
22.57 5.59 
21.60 10.18 
27.25 
25.45 4.80 
21.68 11.12 
Amount of dry matter Dry matter In grain 
in roughage replaced above that replacing 
by grain roughage 
Ibs. Ibs. 
1.82 3.77· 
2.79* 7.07t 
1.80 3.00 
5.57· 5.55· 
TABLE 13. ANALYSIS OF VARIANCE OF TOTAL DIGESTIBLE NUTRIEN'r 
CONSUMPTION. UNITS: TOTAL CONSUMPTION PER COW 
PER PERIOD. IN POUNDS. 
Source of variation 
Between groups 
Between cows within groups 
Between periods within groups 
Between rations 
Ration x group interactions 
Error 
Total 
·Significant. 
tHighly significant. 
Degree of I 
freedom 
4 
10 
10 
2 
8) 
10)18 
44 
Sum of squares 
157,936 
105,336 
40,534 
533,869 
12,021) 
14,100)26,121 
863,796 
Mean consumption=739.09; standard deviation=38.08. 
Coefficient of variation = 38.08 / 739.09=5.15%. 
Mean square 
39,484t 
10,534t 
4,053· 
266,934 
1,503) 
1,(10)1,451 
been used, this still would be true. The average deficiency in nut-
rient consumption on the ration of roughage alone, when measured 
against Morrison's optimum requirements, was 21.89 percent, while 
there was an average per cow per day loss in liveweight of 0.43 
pound. 
The cattle on limited grain feeding consumed 10.84 percent less 
than enough nutrients to meet the requirements, but oddly enough 
there was an average increase in liveweight of 0.11 pound per cow 
per day. 
For the experiment as a whole, the cattle receiving a full grain 
ration consumed almost exactly the amount of nutrients required 
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for maintenance and milk production. While on the full grain 
ration, too, the cows gained in weight in all three periods. 
The analysis of variance of the total digestible nutrient consump-
tion (table 13) reveals results which closely parallel those on the 
dry. matter consumption. Likewise, the curves in fig. 2 are quite 
similar to those of dry matter consumption shown in fig. 1. 
PROTEIN AND CRUDE FIBER CONSUMPTION 
There was a gradual decrease in the percentage of protein in all 
rations from the first to the third period. This was doubtless due to 
the decrease in the amount of grain fed, as the milk production de-
clined in the case of rations Band C; while for the cows on rough-
age alone, it was apparently due to the consumption by the cows of 
relatively less hay and more silage nutrients as the trial progressed. 
For the trial as a whole the percentage of crude protein consumed 
was 12.9 for ration A, 13.5 for Band 13.9 for C. 
The average daily crude fiber consumption per 100 pounds live-
weight was 0.61 pounds for roughage alone, 0.61 pounds for limited 
grain and 0.60 pounds for the full grain group. The consumption 
was higher for all groups in period III than in earlier periods, 
which was probably due largely to the decrease in the amount of 
grain fed in rations Band C and to the increase in the amount of 
hay fed relative to silage in ration A when no grain was fed. 
MILK PRODUCTION 
The average daily production of fat-corrected milk (table 14) 
for the entire experiment was: 
30.3 pounds for the animals on ration A 
34.3 pounds on ration B, and 
37.2 pounds on ration C. 
Although these figures evidence appreciable differences between the 
ration-effects on milk production, they fail to give the complete 
picture. A further analysis is necessary to estimate the variability 
of the data as influenced by differences between cows, between 
groups, between periods, e.t cetera_ 
If the assumption is made that there has been no carry-over 
effect in changing from one ration to another, the simple analysis 
of variance as given in table 15 provides a satisfactory breakdown 
of the ration differences. 
This analysis reveals that the differences between rations are 
approximately the same in all groups; i. eo, the "ration x group 
interaction" mean square is less than the error mean square. Hence, 
this interaction may be included in the error term. The mean square 
for the ration effects (381,641) is highly significant, the error mean 
square being only 7,973. The standard error is 89.29 pounds per 
cow (total of 6 weeks), or 6.27 percent of the mean yield of 1,424 
pounds. 
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TABLB 14. INDIVIDUAL YIELDS OF FAT-CORRECTED MILK BY PERIODS. 
UNITS: POUNDS PER COW PER PERIOD (OF SIX WEEKS). 
Group 1 Group 2 
Cow I Period (low Period 
Period 1 2 3 totals 4 5 6 totals 
I A 1376 B 2088 02238 I 5702 A 1863 B 1748 C 2012 6623 II B 1246 C 1864 A 1724 4834 01755 A 1353 B 1626 4734 III C 1151 A 1392 B 1272 3815 B 1462 C 1339 A 1010 8811 
Totals 3773 6344 6234 I 14351 5080 4440 4648 14168 
Group 3 Group 4 
Cow I Period Cow Period 
Period '1 8 9 totals 10 11 12 totals 
I A 1665· B 1938 C 1865 I 5458 A 1384 B 1640 C 1677 4701 II B 1517· C 1804 A 1298 4619 C 1535 A 1284 B 1497 4316 III C 1366· A 969 B 1233 8568 B 1289 C 1370 A 1059 3718 
Tital. 4548 4711 4386 13645 4208 4294 4233 12735 
Group 5 Group 6 
Cow I Period Cow Period 
Period 13 14 15 totals 16 17 18 totals 
I A 1342 B 1344 C 1627 I 4313 A 1180 B 1287 01547 4014 II B 1294 C 1312 A 1186 3792 C 1245 A 1000 B 1297 3542 III 01317 A 903 B 1066 3286 B 1082 C 1078 A 887 3047 
Totals 3953 3559 3879 I 11391 3507 3365 3731 10603 
A=Roughage alone=22,875; Average daily=22,875/756=.30.3 pounds. 
B=Limited grain =25,926; Average daily=25,926/756=34.3 pounds. 
C=FuIl grain =28,092; Average daily=28,092/756=37.2 pounds. 
·Values inserted for cow which was removed from experiment during period I. 
TABLE 15. ANALYSIS OF VARIANCE OF FAT-CORRECTED MILK PRODUCED 
(ASSUMING NO RESIDUAL EFFECTS) UNITS: TOTAL PRODUCTION 
PER COW PER PERIOD IN POUNDS. 
Source of variation 
Between groups 
Between cows within groups 
Between periods within groUps 
Between rations 
Ration x grOUP interaction 
Error 
Total 
Degrees of I 
freedom 
5 
11-
12 
2 
10 ) 
10t)20 
50 
Sum of squares 
1,311,769 
654,639 
2,235,115 
763,282 
65,488) 
93,974) 159,462 
5,124,267 
-One degree of freedom subtracted for missing cow. 
tTwo degrees of freedom subtracted for missing cow. 
tHighly signific<:nt. 
Standard error=89.29; Mean=1423.9. 
Coefficient of variation=89.25/1423.9=6.27'1o. 
Mean squares 
262,354:1: 
69,513t 
186,260:1: 
381,641:1: 
6,5(9) 
9,397)7,973 
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With the assurance that residual effects of preceding treatments 
on milk yield are absent in an experiment of this type, the above 
analysis would be sufficient to discern the true ration effects on pro-
duction. But although in the case of total nutrient consumption the 
amount eaten in one period does not appear to have been influenced 
by the ration given in the previous period, there is reason to believe 
that with milk yield such a carry-over effect is present. If this is 
true, the simple averages used above do not give an unbiased esti-
mate of the ration effects_ For instance, with the layout shown in 
table 3, ration A is preceded by ration C in both the second and 
third periods, and likewise B by A, and C by B. If A is the poorest 
ration and C is the best, the milk yields for ration A may be in-
creased by the beneficial carry-over effect of C, while those for C 
may be depressed by the carry-over effect of A. Under these cir-
cumstances the simple averages would underestimate the differ-
ences between the direct effects of the rations. 
Thus when carry-over effects are present, the average milk yields 
under each ration must be adjusted to avoid bias, and these adjust-
ments can be made only if the design of the experiment enables us 
to estimate the sizes of the carry-over effects. There are several 
ways to estimate the residual effects, but in order to retain the full 
advantage of the change-over design and to arrive at the most accu-
rate estimates of the residual effects, as well as the ration effects, a 
technique known as the method of least squares is used_ This method 
is given in detail by Cochran, Autrey and Cannon (1)_ 
By estimating the residual effects the mean milk yields can be 
adjusted, thus causing an alteration in the magnitude of the original 
production means. These yields are. shown in table 16. 
The adjustments reduced the mean yield under roughage by 19 
pounds, and increased the mean yield under full grain by about 
the same amount, these effects being in the direction anticipated. It 
is interesting that the mean yield is practically unaltered for the 
cows. receiving limited grain, for which the beneficial carry-over 
TABLE 16. MEAN YIELDS OF FAT-CORRECTED MILK PER COW PER 
PERIOD OF 6 WEEKS (1)_ 
Unadjusted Adjusted for carry-over effect. 
Ration Increase over roughage 
Increase over roughage 
Mean I Actual I Percent Mean I Actual I Percent lbs. lbs. lbs. lba. 
Roughage 1270.8 1251.5 
Limited grain 1440.3 +169.5 +13.3 1441.7 +190.2 +15.2 
Full grain 1560.7 +289.9 +22.8 1578.7 +327.2 +26.1 
Standard error ±20.3 ±28.7 
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TABLE 17. ANALYSIS OF VARIANCE OF FAT-CORRECTED MILK, SHOWING 
VARIATION DUE TO CARRY-OVER EFFECTS (1). 
UNITS: TOTAL YIELD PER COW PER PERIOD, IN POUNDS. 
Source of variation I Degrees of I S I freedom um of squares 
Periods 2 
Interaction of periods with groups 10 
Groups 5 
Cows within groupS 11· 
Rotations (Residual (ignoring direct) 2 
(Direct 2 
(Direct (Ignoring residual) 2 
(Residual 2 
Error 18t 
Total 50 
·One degree of freedom subtracted for missing cow. 
tTwo degrees of freedom subtracted for missing cow. 
tSignificant. 
§Highly significant. 
2,041,769 
193,341 
1,311,769 
654,638 
36,158 
777,534 
763,282 
50,409 
109,058 
6,124,268 
Mean squares 
19,334§ 
262,3541 
59,513§ 
388,7671 
25,2041: 
6,059 
effect from full grain and the detrimental effect from roughage 
appeared to cancel. By failure to adjust for the carry-over effects, 
the differences between the rations were under-estimated by about 
11 percent. 
The complete analysis of table 14, showing the variation due 
to carry-over effects, is given in table 17. 
The mean squares for direct effects (388,767) and carry-over 
effects (25,204) are both significant_ The estimated standard error 
per cow (total of 6 weeks) is 77.84 pounds, or 5.5 percent of the 
mean of 1,424 pounds. The corresponding standard error for the 
mean of 18 cows is 21.4 pounds, or 1.5 percent of the mean. (In 
calculating this value, allowance was made for the missing cow, 
since the effective replication was decreased by inserting estimated 
values.) The design attained a satisfactory degree of precision; an 
observed increase of 5 percent would have been detected as statis-
tically significant, while the actual differences between the ration 
means were all highly significant. 
The rates of fall in yield from period I to period III differed 
greatly for the different groups of cows (fig. 3). This fact is re-
flected in the analysis of variance, the mean square for the inter-
action of periods with groups being 19,334 as against 6,059 for 
the error mean square. If the six cycles had been assigned to the 
18 cows completely at random, with three cows to each cycle, the 
estimated error mean square would have been approximately 
(24x6,059 plus 10x19,334) / 34 equals 9,963. The procedure of 
first dividing the cows into six groups of three on the basis of ex-
pected yielding ability, therefore, resulted in a marked increase in 
precision. 
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Similarly, the mean square between cows in the same group is 
much larger than the error mean square, which indicates that any 
estimate based on group comparisons would have been subject to 
much higher experimental errors than those avoiding the use of 
group comparisons. 
There is, of course, nothing to be gained by adjusting the means 
in cases where there are no carry·over effects. The important fea· 
ture of the design used in this experiment is that it allows correc· 
tions to be made where these are necessary. An examination of the 
records or the lactation curves will usually be sufficient to decide 
the issue. 
PHYSIOLOGIC EFFICIENCY 
Purdue :workers (8) have reported that the milk output per pound 
of digestible nutrients consumed above maintenance requirements 
is apparently larger for cows on a rather low plane of feeding than 
for more liberally fed animals. Headley of Nevada (6) maintains 
that within certain limits each individual cow produces butterfat 
in proportion to the amount of digestible nutrients she consumes; 
and when the number of pounds of butterfat produced in a year is 
divided into the number of pounds of digestible nutrients consumed, 
a figure is obtained which is quite constant for any individual cow 
regardless of whether she is fed grain or not. 
In the 1938·39 feeding experiment at the Iowa station it was 
found that the amount of milk produced per pound of digestible 
nutrients consumed above maintenance was greater for the cows 
on high roughage rations than for cows on rations of grain and 
roughage. The differences were highly significant (table 18). 
TABLE 18. PHYSIOLOGICAL EFFICIENCY OF CATTLE IN UTILIZATION OF 
FEED AS MEASURED BY THE RATIOS: MILK (F.C.M.) PRODUCED I TOTAL 
DIGESTIBLE NUTRIENTS CONSUMED ABOVE MAINTENANCE 
Sum of ratios 
Averages 
Source of error 
Total 
Ration 
Error 
·Hlghly significant. 
(1938.39 EXPERIMENT). 
Ration A Ration B Ration C 
43.31 36.35 32.52 
3.61 3.03 2.71 
d.f. Sum of 
squares 
35 16.75 
2 4.98 
33 11.77 
Coefficient of variation= \/0.357 =19% 
3.12 
Total 
112.18 
3.12 
Mean 
SQuare 
~ ... -
2.49· 
0.357 
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TABLE 19. ANALYSIS OF VARIANCE OF- THE PHYSIOLOGIO EFFICIENCY 
OF THREE RATIONS. THE MEASURE=THE RATIO. MILK PRODUCED / 
NUTRIENTS CONSUMED ABOVE MAINTENANCE.:!: 
Sources of variation Degrees of Sum of squares Mean squares . freedom 
Between groups 4 4.109 1.005 
Between cows within groups 10 19.104 1.910 
Between periods within groups 10 56.129 5.613· 
Between rations 2 50.510 25.255-
Ration x group interaction 8) 3.(17) 0.(27) 
Error 10)18 24.131)27.548 2.(13)1.530 
Total 44 157.310 
:!:Analysis run on 5 groups only: group 3 discarded due to missing cow • 
• Highly significant. 
Standard error=1.237; Mean=4.35. 
Coefficient of variation=1.237/4.35=28.4%. 
These results are confirmed by those of the 1939-40 experiment. 
As can be seen in table 19 the differences between the rations with 
respect to the ratio, fat corrected milk produced / total digestible 
nutrients consumed above maintenance, are highly significant. This 
value is 5.76 for the cattle on roughage alone, 4.09 for limited 
grain and 3.20 for full grain. The standard error of 1.237 is 28.4 
percent of the mean and signifies that the ratios for the experiment 
as a whole are quite variable. 
If the ratio, fat-corrected milk produced / total digestible nutri-
ents consumed, is used as the measure of physiologic efficiency, the 
differences between the rations are barely significant, though they 
favor the higher roughage levels of feeding. The average number 
of pounds of milk produced for each pound of nutrients consumed 
is 2.05 for roughage alone, 1.92 for limited grain and 1.81 for full 
grain. 
In the analysis of both the ab·ove measures of efficiency there are 
highly significant "ration x period interactions." This signifies 
that the greater efficiency of the cattle on high levels of roughage 
intake decreases considerably as the stage of lactation advances, so 
that by the end of the third period the differences between the 
rations from the standpoint of this measurement are slight_ This 
also suggests that the high apparent·efficiency of nutrient usage 
where no-grain or limited-grain was fed may be due to the taking 
of nutrients from the reserves in the bodies of the cows to support 
lactation during the early stages, which did not occur during the 
latter stages, rather than to a real efficiency of the nutrients con-
sumed. The failure of the cows getting little or no grain to main-
tain or gain weight adds support to the supposition that the nutri-
ents may have come from the cows' bodies. 
The failure of cows which were fed two successive years on a 
roughage-alone ration (3) to maintain a level of production during 
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the second year that they showed during the first year also supports 
this view. 
REGRESSION OF MILK PRODUCTION ON SIZE OF ANIMAL AND 
DRY MATTER CONSUMPTION 
In order to determine the interrelationship of milk produced, 
liveweight of the animal, and the amount of dry matter consumed, 
a multiple regression analysis was made using these three factors. 
Dry matter consumption was used instead of digestible nutrient con· 
sumption, but since these two variables parallel each other so 
closely (see figs. 1 and 2) the results should be very similar to 
those that would be obtained when using total-digestible nutrients. 
The analysis (table 20) shows a very low correlation (rYl=0.128) 
between liveweight and milk production for the animals on rough-
age alone (ration A). Too, there was a much lower correlation be-
tween milk production and dry matter consumption (rY2=0.320) 
than was the case when the cattle received limited grain or full 
grain rations. The small positive correlation (rYl =0.128) signifies 
that there was a slight increase in milk production as size increased, 
but also at increasing amounts of dry matter consumed (r12=0.641). 
On ration B there was a higher correlation (rYl=0.369) between 
milk production and liveweight than was the case when either 
ration A or C was fed. The correlation (ry1=O.139) between the 
two factors when ration C was fed was near that when the cows 
received ration A. 
At a given intake of dry matter a small cow would be expected 
to produce slightly more milk than a larger one, since less would 
be required for maintenance. For the cattle on rations A and C 
this proved to be true, the regressions being negative, bY1..=-O.0065 
and bY1.2=-O.0056 respectively. Oddly enough this coefficient was 
positive on ration B (bn .2=O.0029); but since these three regression 
coefficients are so small it is doubtful if any significance should be 
attached to them. 
The summary of the regression analysis for the three rations, 
when the three variables, milk production (Y), Iiveweight (X) and 
dry matter consumption (X2) are used, is found in table 20. In the 
analysis on ration A the use of three variables instead of two de-
creases the unexplained variation only from 6y =6.357 to 
6Y1.2 =6.237. The F-test shows the multiple regression to be insig-
nificant, which means that because there were low correlations be-
tween milk production and dry matter consumption, and between 
milk production and liveweight, respectively, variations in either or 
both of the two independent variables (dry matter consumption and 
liveweight) did not cause appreciable changes in the volume of 
milk produced. For the limited grain group (ration B) the mul-
tiple regression is significant, and in the case of the full grain group 
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TABLE 20. MULTIPLE REGRESSION ANALYSIS OF FAT-CORRECTED MILK 
PRODUCTION (Y) ON LlVEWEIGHT (X,) AND DRY 
MATTER CONSUMPTION (X.);t. 
Partial Correlation Standard Ration Betas regression 
coefficients coefficients deviations 
A By, .• =-0.131 by, .• =-0.0065 ry,=0.128 6y =6.357 
By..,= 0.403 by..,=: 0.5655 r .. =0.320 6,.,.=6.234 
r,.=0.641 
B B,u=-O.071 by, .• = 0.0029 ry,=O.369 6, =6.614 
B,..,= 0.627· by •. ,= 0.7901 ry.=0.562 6,.,.= 5.687 
r,,=0.587 
0 B" .• = 0.059 by, .• =-0.0056 ryJ=0.139 6, =8.245 
B ... ,= 0.611 b, •. ,= 1.3838 r .. =0.587 6,.,.=6.923 
r,,=0.343 
Tests of Significance of Multiple Regression as an Entity 
Degrees 
Source of variation of freedom Sum of squares Mean squares 
Regression, R2 8,2 2 118.001 59.000 
A Errors of estimate, (1-R2)8,2 24 932.769 38.865 
Total 26 1050.770 
F= 59.000/38.865= 1.52 (Insignificant) 
Regression, R2 S.2 2 361.368 180.684· 
B Errors of estimate, (1-R2)8,2 24 776.081 32.337 
Total 26 1137.449 
F= 180.684/32.337 = 5.59 (Significant) 
Regression, R2 S,2 2 616.957 308.479t 
C Errors of estimate, (1_R2)S,2 24 1150.323 47.930 
Total 26 1767.280 
F=308.479/47.930=6.44 (Highly significant) 
• Significant. tHighly significant. Method taken from Snedecor's Statistical Methods (15). 
it is highly significant. These results indicate that as the amount of 
grain is increased in the ration the influence of dry matter consump-
tion and liveweight on milk production becomes more effective. 
ECONOMIC EFFICIENCY 
Table 21 was prepared to show the returns above feed cost at 
three butterfat prices, two hay prices and three grain prices. 
An examination of this table reveals that for the experiment as a 
whole, when using moderate prices, the returns above feed cost are 
not greatly different for any of the rations which were used, though 
the roughage alone and limited grain feeding are slightly more 
profitable. If grain costs $30 per ton, even when butterfat brings 
$0.35 per pound, the limited grain and no grain feeding still had a 
slight advantage. Only when butterfat was priced at $0.35 per 
TABLE 21. RETURNS OVER FEED COST FOR EACH 6·WEEKS· PERIOD AT DIFFFERENT BUTTERFAT PRICES 
AND DIFFERENT FEED PRICES.' 
Butterfat Hay Grain Period I Period II Period III 
per lb. per ton per ton M B:j: C:I: M B:j: C:I: A:j: Bt I CI 
$21.00 $10.81 $12.27 $11.02 $10.57 $ 9.02 $ 9.33 $ 7.03 $ 7.55 I $ 6.68 $ 6.00 25.00 10.81 11.71 9.88 10.57 8.52 8.36 7.03 7.06 5.97 $0.25 30.00 10.81 11.01 8.45 10.57 7.89 7.13 7.03 6.44 5.07 
21.00 9.88 11.22 10.05 9.42 7.92 8.33 5.82 6.51 I 5.59 10.00 25.00 9.88 10.66 8.91 9.42 7.42 7.35 5.82 6.02 4.88 30.00 9.88 9.96 7.48 9.42 6.79 6.12 5.82 5.40 3.98 
21.00t 13.15 15.29 14.18 12.93 11.42 12.06 8.83 9.69 I 8.95 6.00t 25.00 13.15 14.73 13.04 12.93 10.92 11.09 8.83 9.20 8.24 ~ $0.30t 1 30.00 13.15 14.03 11.61 12.93 10.29 9.86 8.83 8.58 7.34 I:J.,l 
21.00 12.23 14.24 13.21 11.78 10.32 11.06 7.62 8.65 I 7.86 
Cl1 
10.00 25.00 12.23 13.68 12.07 11.78 9.82 10.08 7.62 8.16 7.15 
30.00 12.23 12.98 10.64 11.78 9.19 8.85 7.62 7.54 6.25 
21.00 15.78 18.62 17.65 15.55 14.07 15.08 10.84 12.09 I 11.46 6.00 25.00 15.78 18.16 16.51 15.55 13.57 14.11 10.84 11.60 10.75 $0.35 30.00 15.78 17.36 15.08 15.55 12.94 12.88 10.84 10.98 9.85 
21.00 14.85 17.57 16.68 14.40 12.97 14.08 9.63 11.05 I 10.37 10.00 25.00 14.85 17.01 15.54 14.40 12.47 13.10 9.63 10.56 9.66 30.00 14.85 16.31 14.11 14.40 11.84 11.87 9.63 9.94 8.76 
'For aU calculations skimmilk was priced at $0.25 pcr cwt. and silage at $4 per ton. 
tPriccs prevailing at this station at the completion of the experiment. 
tRntions: A=roughage alone; B=limited grain; C=full grain. 
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pound and grain at $25 per ton, did all rations give about the same 
returns. 
The analysis further shows that: 
1. As the lactation period advances the returns above feed cost 
for all rations decline, though with this decline the relative 
position in returns becomes better for the high roughage 
rations. This seems logical since it is known that grain is 
most effective in bringing about increased production when 
producing capacity of the cow is greatest; i. e., in the early 
part of the lactation. 
2. As grain prices increase, the differences in returns above 
feed cost, when grain is fed, are increasingly greater for 
early lactation than for the later parts of the lactation. 
This is the result of feeding more grain when production is 
high, which allows the higher grain prices to exert a greater 
influence on the returns than at lower production levels. 
By using the average prices received in local Iowa markets by 
producers2 , the returns above feed cost for the cattle in this experi. 
ment were calculated (table 22). The table shows that the differ· 
ences between the rations in returns above feed cost are quite small. 
The results are almost identical with those in table 21 which repre· 
sent the returns on the basis of price ranges prevailing the last 
several years in this area. 
TABLE 22. RETURNS ABOVE FEED COSTS (AVERAGE FOR 6-WEEK PERIODS) 
OF DAIRY COWS ON THREE PLANES OF FEEDING •• 
Time of I Butterfat II Hay I Grain I Roughage 
year per lb. per ton per ton alone 
March $0.31 $7.96 $21.05 $11.16 
July 0.28 6.72 20.64 10.16 
November 0.32 7.18 19.51 11.82 
Limited 
grain 
$12.30 
11.07 
13.21 
Full 
grain 
$12.13 
10.81 
13.24 
.For all calci¥ations skimmilk was priced at $0.25 per ewt., and silage at $4 per ton. 
DISCUSSION OF RESULTS 
One of the most important effects of the high roughage levels of 
feeding was that the animals receiving little or no grain lost weight. 
Although these losses were not great, it is not usual for cattle, par· 
ticularly when immature, to lose weight over a 6-week period in 
mid-lactation. As shown earlier, these losses in liveweight parallel 
rather closely the deficiencies in nutrient consumption. The cattle 
on rations A and B failed to consume sufficient nutrients to meet 
their calculated requirements for maintenance and milk produc. 
tion, especially in the early part of the lactation. 
2These prices. compiled hy the U. S. D. A. Marketing Service. were taken from 
the Iowa Farm Outlook. 1936-40. 
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It is interesting that the total nutrient consumption increased 
slightly as the lactation period advanced (see fig. 2). The cattle 
on roughage alone consumed less hay in the first period than the 
ration of 1 pound of hay to 3 pounds of silage which it was de-
signed they should have done. This was not the case in the next 
two periods. This may be explained, at least in part, by an unex-
pected change in quality of feed, particularly the hay which was 
better in the later periods. This can be seen from the results of 
proximate analyse.s of the hay and silage feeds (table 23), for they 
contained larger amounts of nutrients in the later periods. 
TABLE 23. CHEMICAL ANALYSES OF FEEDS USED. 
Feed Water 
% 
I Ether I Crude I extract fiber 
% % 
Ash 
% 
I Crude I Nitrogen· proteins free Nx6.25 extract 
% % 
Grain 88.15 11.85 4.82 4.93 6.89 14.56 56.95 
I Hay 94.63 5.37 1.92 32.30 7.13 14.36 38.92 
Silage 21.88 88.12 0.66 5.42 1.95 2.88 10.97 
Grain 90.80 9.20 6.07 6.10 5.36 14.79 58.48 
II Hay 85.96 14.04 2.02 25.01 8.02 15.61 35.30 
Silage 28.82 71.18 1.07 6.70 1.74 2.81 16.50 
Grain 93.56 6.44 5.64 l 7.28 4.54 14.13 61.97 III Hay 93.70 6.30 2.23 36.04 8.25 14.50 32.68 Silage 33.15 66.85 1.20 8.14 1.97 2.03 19.81 
I 
The results show that grain feeding caused significant increases 
in the total dry matter consumption (table ll). Although this is 
true, the consumption of dry matter from roughage was depressed 
at an increasing rate as the amount of grain in the ration was in· 
creased, though when a pound of grain was added to the ration, 
the amount of hay eaten was not reduced by a full pound. It is 
well to remember that this result was for a period of only 6 weeks. 
In this connection, Headley (6), whose results harmonize with 
Petersen's (13), reports that where cattle are accustomed to eating 
large quantities of roughage, grain added to the ration will replace 
hay pound for pound, but only after the cattle have been on the 
grain ration for some time. This complete replacement of a pound 
of hay by each pound of grain fed to cows in this experiment did 
not entirely occur, probably due to the short experimental periods 
of 6 weeks. 
It should be noted, also, that according to U. S. D. A. workers 
(3) unless cattle have access to a larger amount of roughage (10 
percent more) than they will consume, the total amount consumed 
will be reduced. In the experiments reported herein the cattle were 
offered only the roughage they would "clean up" in an effort to 
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avoid wasteage to facilitate determination of the amount consumed 
and sample taking for the chemical analyses. 
The liveweight losses suffered by the high roughage groups as 
compared to the liveweight gains by animals on ftill grain feeding 
must be considered when measuring the real worth of grain in a 
dairy ration. If cows continued to lose weight over a long period 
of feeding on roughage alone, eventually milk yield would be 
markedly reduced over the yield obtained through the shorter pe-
riods of time in these experiments and on that ration. The efficiency 
of milk production (ratio of fat-corrected milk / total digestible 
nutrients consumed) calculated without regard to weight changes 
favor the cows fed no grain, but the cows on ration C gained ap-
preciably in liveweight in every period. For these reasons it is per-
haps unfair to the full grain ration (ration C) to accuse it of being 
as low, relatively, in real efficiency as the ratios suggest. 
One of the primary objectives in conducting this experiment was 
to compare three rations containing different amounts of grain from 
an economic standpoint. This comparison, if fairly done, is diffi-
cult because of the many factors involved. Calculating the returns 
above feed cost at varied feed and butterfat prices is perhaps the 
best procedure for judging the practical value of different systems 
of feeding under moving price conditions. 
The results of these calculations show that under common Iowa 
price conditions (table 22) the returns above feed cost are not 
greatly different regardless of the level of grain fed, though limited 
grain is slightly more profitable than the two extremes. The results 
indicate that the farmer may profitably feed heavily, or he may 
limit the amount of grain in the ration, his decision depending 
largely upon the availability of grain and roughages. Of coursf', 
substantial increases in the price of butterfat or in the ratio rough-
age price / grain price will enhance the value of grain in the ration. 
The experimental design and analyses employed herein to break 
down the ration effects on milk production were used to overcome 
in a short-time experiment criticisms of other experimental designs 
which did not permit the proper evaluation of ration effect alone as 
distinct from the ration effect plus carry-over effects from the pre· 
ceding ration. Our results indicate that the design employed has 
been successful in making this separation. 
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